Abstract KUMBÁR, V., POLCAR, A.: Flow behavior of petrol, bio-ethanol and their blends. Acta univ. agric. et silvic. Mendel. Brun., 2012, LX, No. 6, pp. 211-216 The objective of this article deals with the fl ow behavior of bio-ethanol, conventional petrol and their blends (E15, E85). The temperature dependence density and kinematic viscosity of the liquids have been measured. The densitometer Densito 30PX with the scale for measuring fuels has been used to the measuring temperature dependence of the density of fuels and their blends. The rotary viscometer Anton Paar DV-3P has been used to the measuring temperature dependence of kinematic viscosity of fuels and their blends. For all samples has determined that the temperature has increased the density and kinematic viscosity of fuels and their blends has decreased. The range of temperature measurement has been from −10°C to 40°C. The mathematic models have been compiled (polynomial and exponential) according to the general shapes. The coeffi cients of determination R 2 have achieved high values from 0.98 to 0.99 for temperature dependence of density of fuels and their blends and from 0.86 to 0.96 for temperature dependence of kinematic viscosity of fuels and their blends. The mathematical models could be used to the prediction fl ow behavior of petrol, bio-ethanol and their blends.
Currently, bio-fuels are the subject of much used by experts in the fi eld of ecology, chemistry and technology of processing of agricultural products. It is necessary viewed from the perspective of engine designers (with no diff erences in the type of fuel used -gasoline or diesel). Experts are not fully in consensus on the eff ectiveness, timeliness and extent of use of motor bio-fuels, but despite these has been approved the promotion of energy from renewable sources, which establishes conditions and target utilization of renewable energy, including biodiesel. It was approved by the European Parliament and Council 2009/28/EC in April 2009 (Souček, 2009) .
From June 2010 ruled in Czech Republic that in the petrol must be 4.1% of bio-components (for example bio-ethanol) and in the diesel must be 6% of bio-components (for example RME). From 2020 will be in fuels about 10% of bio-components (2009/28/ES).
Modern motor units are equipped with highly accurate and precise technique of working, than we must know physical properties of blends of fuel and bio-fuel. In this article it was infl uenced of the concentration of bio-ethanol in petrol to its temperature dependence of selected physical properties. Selected properties were measured temperature dependence of kinematic viscosity and density of blends of petrol and bio-ethanol.
MATERIALS AND METHODS
Temperature dependent was measured with rotary viscometer Anton Paar DV-3P. It was used standard LCP spindle, which is the most suitable to measuring low viscosity liquids. 100 rpm and frequency 1 Hz was set. For temperature measuring was used sensor Pt100.
Temperature dependent was measuring with digital densimeter Densito 30 PX with a scale for measuring petroleum products and integrated temperature sensor.
The blends of petrol and bio-ethanol were mixed in precisely defi ned conditions with a total sample volume of 500 ml. Other information is in Tab. I. 
RESULTS AND DISCUSSION
Results and discussion of measurements of temperature dependence density and kinematic viscosity of the blends of petrol and bio-ethanol were further processed and divided into subsections.
Temperature dependent density of blends of petrol and bio-ethanol
By measuring was demonstrated the temperature dependent of density of prepared blends. With increasing temperature of blends the density was decreasing. It is shown in Tab. II and in Fig. 1 . Similar results were seen for motor oil in the publication (Kumbar et al., 2011a) .
The temperature dependencies of the density were created mathematical models (polynomial 2 nd degree). Similar methods authors described in the publication (Severa et al., 2009) .
The general form of polynomial 2 nd degree:
to calculate the density apply:
; ºC]. (Fig. 2) . For petrol decreased density when heated to 40 °C to 95% of value of the sample measured at −10 °C. For bio-ethanol decreased density when heated to 40 °C to 97% of value of the sample measured at −10 °C. Similar results have publicized authors in publications (Alptekin et al., 2008) and (Murény et al., 2012) .
Temperature dependent kinematic viscosity of blends of bio-ethanol and petrol
By the measuring was demonstrated temperature dependent kinematic viscosity of blends of bioethanol and petrol. With increasing temperature of blends the kinematic viscosity was decreasing, which is shown in Tab. III and in Fig. 3 . Similar results (but for engine oils) have publicized authors in publication (Kumbár et al., 2011b) .
The temperature dependencies kinematic viscosity was created mathematical model (exponential).
The general form of exponential:
to calculate the kinematic viscosity apply:
; ºC].
All coeffi cients of determination R 2 reached very high values, from 0.86 to 0.96, which shows the appropriate choice of the type of mathematical model.
The results confi rm that kinematic viscosity more decreased at higher concentration of bio-ethanol in conventional petrol. It is shown in Fig. 4 .
For petrol decreased the kinematic viscosity when heated to 40 °C to 89% of value of the sample measured at −10 °C. For bio-ethanol decreased density when heated to 40 °C to 70% of value of the sample measured at −10 °C. Behavior of the function was more non-linear with higher concentration bioethanol in petrol. Similar results have publicized authors in publications (Alptekin et al., 2008) , (Murphy et al., 2012) and (Valente et al., 2011) .
CONCLUSIONS
The experiments confi rm temperature dependent density of bio-ethanol, petrol and their blends. With increasing temperature of blends the density was blends. With increasing temperature of blends the kinematic viscosity was decreasing. The kinematic viscosity more decreased at higher concentration of bio-ethanol in conventional petrol. For petrol decreased the kinematic viscosity when heated to 40 °C to 89% of value of the sample measured at −10 °C. For bio-ethanol decreased density when heated to 40 °C to 70% of value of the sample measured at −10 °C. Behavior of the function was more non-linear with higher concentration bioethanol in petrol.
The temperature dependencies kinematic viscosity was created mathematical model (exponential). All coeffi cients of determination R 2 reached very high values, from 0.86 to 0.96, which shows the appropriate choice of the type of mathematical model.
